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１ 論文題目（英文の場合は，和訳を付記すること）
Real-time 3D Visualization and Navigation Using Line Laser and
Optical Fiber Applied to Narrow Space
ラインレーザと光学ファイバーを用いた極小領域における
リアルタイム三次元可視化とナビゲーション
２ 要 旨（和文 2,000字程度又は英文 800語程度にまとめること。）
Minimally invasive surgery is a popular technique that uses an endoscopic camera
for direct viewing of patients’ internal organs for diagnosis and treatment. The use of
this technique is increasingly performed at current clinical applications because it
has advantages over the open surgery in terms of less trauma and faster recoveries.
However, conventional endoscope-based surgery does not provide stereoscopic
information to the surgeon. Accordingly, surgeons can only view the operation field
via a video monitor on which two-dimensional information of the surgical target are
displayed. To over come this limitation, an endoscopic system was developed for
visualizing the knee joint surface and navigating its normal vector in real-time.
The endoscopic system is composed of endoscopic camera, line laser, optical fiber
and acrylic prism. Two versions of the system configuration were specifically
designed based on the baseline and tested in experimental studies. It is a challenge
that the dimension of the endoscope can not be increased beyond 8 mm for practical
applications in real surgery. Therefore, using the optical fiber and prism ensured a
relatively long baseline while maintaining the small diameter of the endoscope.
Meanwhile, a endoscopic tube was developed for a special diameter in order to apply
in narrow space.
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Without using a specific vertex configuration algorithm, the point cloud obtained by
current endoscopic system are unable to render and thus iso-surface can not be
extracted. Hence, we proposed a modified marching cubes algorithm for the vertex
processing. This method arranges the spatial points using midpoint comparison to
construct three-dimensional regular grids. The experimental results demonstrated
that the extracted surface is able to rendered and the cubic interval being 1.27 mm
can obtain a smooth rendering surface. Further, a comparison results showed that
the proposed marching cubes did not change the accuracy of the reconstructed
surface.
Two sets of stereo reconstruction experiments were performed using system I and
system II respectively. The first set using a camera of 7.0 mm diameter was tested in
air. It focus on investigating the correlation between the baseline and the
reconstructed accuracy. The results revealed that the quality of laser point detection
improved when the deviation angle of the line laser with respect to the optical axis
was 14◦ in case that the baseline was 6 mm. Based on the results, it was assumed
that the deviation angle of the line laser could be achieved with using a prism. The
second set was conducted using a 3.9 mm diameter camera in water. Reconstruction
of planar surface revealed that current system has an average measurement error of
0.54 mm with the mean of standard deviation (SD) being 0.26 mm. A comparative
method using the least squares fitting was employed to assess the accuracy of the
surface reconstruction. The results showed an average error of 2.42 mm that
corresponded to a difference of 4.93% from the ideal diameter; assuming those of the
knee joint surface are the same.
In navigation experiments, as the second goal of our study, a specific approach that
was suitable to be used in the rendered surface was proposed. An experiment of
navigating a normal vector of the reconstructed surface of the knee joint was
performed under water. Each location of the rendering surface can be navigated by
the harvester and displayed on the graphical user interface, the surgeon can easily
adjust the pose of the instrumentation based on the displayed navigation info. The
experimental results showed that our system has an average navigation error of 9.5◦
within the range of 5◦to 17◦, with an SD of 2.86◦. In contrast, the errors for two sites
when applying a freehand technique during arthroscopic surgery were 14.8◦ within
the range of 6◦to 26◦ (SD of 7.53◦), and 12.6◦ within the range of 4◦to 17◦ (SD of
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3.98 ◦ ). A statistical analysis showed a significant difference (P = 0.001 and P =
0.0024) between the navigated technique (N = 30) and freehand technique (N = 20).
In conclusion, we have developed a fiber-based endoscopic system that enable small
surface in narrow space to be visualized and navigated. Surgeons will be able to
identify and locate the surgical tool based on the displayed tips, which will assist in
their decision making. The small diameter (8 mm) of our endoscope makes it
extremely convenient for potential application in an arthroscopic surgery.
